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Abstract 


Ecosystem service refers to any service which is provided by the ecosystem to sustain the livelihood of mankind. These services 
may be offered directly or indirect through several complex ways. The utilization of these services implies dependency of 
humans on ecological resources. The MEA identified four broad categories of ecosystem services, namely; provisioning, 
regulation, supporting and cultural services. Among several services in the ecosystem, birds provide an interesting wide 
range of ecosystem services that sustain human life. For instance they have incredible value in pest control, seed dispersal, 
pollination, nutrient cycling, soil formation, ecotourism and many other services. These services provided by birds are further 
categorized as marketable and nonmarketable values depending on their monetization process. However, the decline of birds’ 
population worldwide means these birds’ ecosystem services are also declining. The services birds’ provide are of great 
significant ecologically and economically, but remain unaccounted because of insufficient information. Therefore, this review 
article is aimed to clearly affirm the ecosystem roles of birds and their benefits to human to foster their conservation. Research 
driven policies fostering lasting conservation of avifauna; conservation, restoration and management of their habitats and 
control of illegal birds’ trade are highly needed. The attempts of conserving and maintaining healthy birds population and 
their habitats would preserve diverse ecosystem services by benefiting many different living species and finally human well- 
being. 
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of the ecosystem through immediate and lasting factors 
[5]. The Millennium Ecosystem Assessment (MEA) [6], a 
study initiated by the United Nations identified four broad 
categories of ecosystem services, namely: (i) provisioning 


Introduction 


Ecosystem services are those features of the earth which 
provide direct or indirect benefits to humans through various 


ways of resources and processes [1]. The term “ecosystem 
services” was initially coined by Ehrlich and Mooney [2] 
and later became common throughout scientific literatures. 
Valuing these services by humanity dated back to Plato when 
he realized deforestation could lead to soil erosion and 
desertification [3]. The utilization of these services reflects 
the communal reliance on the natural life supporting system 
supplied by the biosphere [4]. These services are often varies 
and comprise the operational aspects of the ecosystem 
functions provided by both the biotic and abiotic components 
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services, (ii) regulation services, (iii) supporting services and 
(iv) cultural services. Though many scientists and ecologists 
use different terms, their original intent is meaning the same 
thing (that is “services provided by the ecosystem for the 
benefit of mankind). Even though wide varieties of ecological 
entities may take role in contributing to the provision of these 
valuable services, MEA recognized that birds contribute the 
four types of ecosystem services mentioned above. However, 
the decline of bird populations worldwide, especially those 
of more specialized species, means these birds’ ecosystem 
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services are also declining. Therefore, this review article is 
aimed to clearly affirm the ecosystem roles of birds and their 
benefits to human to foster their conservation. 


Ecological Services of Birds 


Birds have a wide range of attributes making them more 
efficient in providing many valuable ecosystem services. 
They are found almost in every habitat across the globe from 
tropics to Polar Regions. Their ability to flight allows them to 
respond to immediate and urgent environmental condition 
in ways normally impossible for other classes of the phylum 
chordate. Their success in providing wide ranges of ecosystem 
services is highly associated with their flight capability. Their 
mobile nature allows them to locate resources abundance, 
leave areas with scarce resources and move to areas where 
resources are sufficient. Because of the migratory behavior 
of many species, birds link different geographical regions 
and habitats separated by great distances in space and time. 
The activities of birds can have large consequences for the 
ecosystems they inhabit, making them incredibly important 
in the overall functioning of various ecosystems. 


In contrast to the Millennium Ecosystem Assessment’s 
categories of ecosystem services where birds’ role may be 
included, Mahendiran, et al. [7] stated a new category where 
the value of services provided by birds and their products 
are categorized as marketable and non-marketable. In 
considering the concept of monetization, the four categories 
of ecosystem services are further classified as marketable 
and non-marketable services as follow. 


Marketable Services 


Provisioning services: Meat, Feathers, Integument, Skin 
(Medicinal values), Blood (Medicinal values), Nests (food), 
Nutrient /fertilizers (Guano) [7]. 

Cultural services: Customs/Religious/ultural/ Ethnic value, 
Entertainment, Photography, Aesthetics /Recreation, Bird 
Watching [7]. 

Regulating services: Scavenging, Insect pest control, 
Nutrient transfer [7]. 


Non-Marketable Services 


Supporting Services: Seed dispersal, Pollination, Disease 
control, Energy Transfer, Nutrient Transfer, Bioturabation, 
Reforestations, Maintenance of vegetation profile in water 
bodies, Animal dispersal (endozoochory, epizoochory), 
Cavity Excavators and Drillers (for mi/crohabitats), Soil 
regeneration and enrichment, Leaf litter gleaners, Mixed 
flock foragers, Feeding opportunities, Ship following birds, 
Tractor following bird in Agricultural field, Knowledge value 
(Ecological, taxonomic and genetic diversity) [7]. 
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Role of Birds in Nutrient Cycling and Soil 
Formation 


Nutrients transfer and soil formation are an important 
birds’ services in an ecosystem allowing the primary 
producers to initiate and flourish resulting in the emergency 
of primary consumers and led the area to be colonized by 
the top predators and maintaining biodiversity. They are an 
ecosystem services where events found in these grouping are 
requisite for all other services to be initiated making them 
the basis of process without which other ecosystem services 
could not be produced [6]. 


Birds’ role in nutrient cycling has been documented in 
many habitats so far. Because of their ability to flight and 
move through different habitats, birds can carry nutrients 
from one place to another, which is mainly important in 
areas where plants growth is limited by nutrient availability. 
Birds contribute to nutrient cycling in all habitats, but most 
impressively where aquatic birds nest colonially on islands 
[8]. Seabirds often nest in dense colonies both in coastal areas 
and on islands where they process large amounts of food in 
small areas. In this manner, seabirds transport nutrients 
from the aquatic zone to the terrestrial zone. Such large 
inputs of phosphate-rich guano, birds’ excreta, can influence 
the structure and composition of plant communities [9]. On 
the contrary, removal of nesting birds after introduction ofa 
predator fundamentally alters the plant community [10,11]. 


This ecosystem service is mostly delivered by aquatic 
birds where they transferred nutrients between aquatic and 
terrestrial ecosystems. A study on the islands in the Gulf 
of California indicated that when birds rested on them, the 
guano deposits they left behind provided nutrients to plants 
on the island [8]. Thus, islands with roosting seabirds tend 
to have tall and fast growing vegetations and become more 
productive when compared to those without birds. Since 
the quality and quantity of these vegetations determine the 
number of consumers and the structure of the food web, 
the present of these seabirds applied a bottom-up effect 
on the food web by regulating primary productivity. The 
above explained services of birds are also important from an 
ecological perspective because it demonstrate the complex 
ways where different habitats are connected and can impact 
one another. 


The presence of primary producers in the seas and 
oceans control the amount of fish they can support, which 
then determine the number of birds that can feed on these 
fish, which then influence the number of birds will roost on 
the island and leave guano deposits, eventually determining 
the primary productivity and food web structure on the 
island. Moreover, Barry Commoner, stated that “Everything is 
connected to everything else,” a premise implying that birds 
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serve as a vector for nutrients between aquatic and terrestrial 
habitats [12]. By stimulating primary productivity, birds are 
also able to supports the ecosystems’ functioning in other 
ways. This is exemplified by birds in salt marshes of Alaska, 
where lesser snow geese and Canada snow geese stop-over 
in salt marshes during spring migrations. While foraging in 
these marshes, they trample the ground, which tears up leaf 
litter and incorporates it into the soil. The smaller particle 
size and increased contact with the soil promotes greater 
decomposition, freeing nitrogen from the leaf litter and 
allowing it to cycle through the ecosystem [13]. 


Birds as Pest Controller 


Biological pest control is a major farmer concern and 
an important ecosystem service delivered by a wide range 
of organisms, expected to offer a sustainable solution to 
pest management in agro-ecological settings [14-16]. 
Avian control of insects and other pests that do damage to 
valuable plants can have a large economic value. Recent 
studies have highlighted the important role of insectivorous 
birds feeding on pest populations in different agro-ecology 
[17-19]. Insectivorous birds have been observed to reduce 
insect pest damage in various agricultural systems, such 
as apples, broccoli, cacao, coffee, corn, kale, grapes, and 
oil palm. For example, in Dutch apple plantations, Mols, et 
al. [20] found that birds’ reduction of insect pest damage 
translated to a 66 percent increase in the yield of domestic 
apples. Similarly, researchers in Borneo estimated that bird 
pest control prevented 9 to 26 percent of the fruit loss in oil 
palm plantations [21]. 


Birds are efficient arthropod predators in farmland, 
where 50% are predominantly feeding on insects, and 75% 
consume invertebrates at least occasionally [18,22]. Avian 
predation on insects’ pests has been studied in various 
natural and agricultural systems where most studies report a 
marked reduction in invertebrates’ biomass by birds, usually 
ranging from 20% to 70% [17,23,24]. This predation not only 
lowers herbivorous abundance but also significantly reduces 
leaf damage and plant mortality, potentially leading to up to 
60% increase in crop yield or fruit production [25,22]. 


The study conducted in Guatemalan coffee plantations 
reported that the presence of higher abundances of 
insectivorous birds lower the number of insect pests which 
resulted in less herbivorous damage to the leaves of crops 
[26]. Matt Johnson and colleagues discovered that by 
reducing the damage caused by coffee berry borer beetles, 
birds in Jamaican coffee plantations increased coffee yield 
and farmers’ income by $310 per hectare [27]. In addition, 
nest boxes construction for great tits in apple orchards 
has been shown to lead to greater numbers of birds in the 
area, which feed on caterpillars which can cause damage to 
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crops, resulting in significantly higher crop yields [25,26]. 
The construction of bird nest boxes can eliminate the need 
for pesticides, reducing farmers’ expenses by avoiding 
purchasing harmful pesticides and limiting the usage of 
potentially dangerous chemicals. 


The contribution of birds in pests control is not only 
restricted to invertebrate pests, but also extended to 
vertebrate such as rodent pests. It was revealed by the 
field experiments in Israel with a trained Barn Owl that 
the presence of an avian predator creates a “landscape of 
fear” that can significantly decrease seed consumption by 
small rodents [28]. Owls have also been shown to control 
rat populations in various field crops, such as wheat, rice, 
and corn. In Malaysia, oil palm farmers put up Barn Owl 
nest boxes when local rodents developed resistance to the 
rodenticide warfarin [29]. The switch to owls had the added 
benefit of population increases of other species that were 
being poisoned by warfarin, including mammalian predators, 
such as common palm civets and leopard cats. 


A mutual relationship between birds and livestock has 
been documented so far and is also believed to be beneficial 
to humans. Many birds land on livestock like cattle and forage 
on arthropod pests that may live on them. This relationship 
could be exemplified by cattle egrets which are particularly 
well known for surviving this way [30]. While the birds 
benefit from a readily available food source, on the other 
hands, the animals on which the birds forage on benefit from 
the removal of harmful parasites. People keep and depend 
on cows for meat (food) and milk in many parts of the world. 
When cows are infested with ticks or other parasites, they 
become weak and milk production drops. This is confirmed 
by study in Pakistan where birds are proficient of effectively 
preying on these parasites, leading to healthier and more 
productive cows [31]. The predation of parasites on livestock 
by birds is even more effective than pesticides in many ways. 
Through these birds-livestock interactions, humans gain 
a benefit by not spending money for purchasing expensive 
pesticides and by having more productive and healthier 
livestock. 


Birds in Seed Dispersal and Pollination 
Birds as Seed Dispersers 


Because of their mobile nature, birds connect habitats 
in a landscape, and contribute to ecosystem functions 
and resilience through their foraging and seed dispersal 
behavior. Seed dispersal is crucial for biodiversity, species 
distributions, population dynamics and gene flow. Birds 
disperse seeds of many woody plant species with direct 
value to humans for timbers, medicine, food and other uses 
[32]. This services is mostly observed in frugivorous birds 
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species comprising nearly 48 families, (1/3 of the total living 
birds’ species), which exclusively use fruits as their food [7]. 


Birds take the seeds to much longer distance than wind or 
other means of dispersal [33]. Being an important dispersers 
of plants (vascular, terrestrial, aquatic or otherwise), birds 
become an integral part of complex mutualistic network 
among the carriers and the carried; enhance and maintain 
the biodiversity and community structure in several natural 
ecosystem [34]. Birds are one of the primary drivers of plant 
succession and recruitment in natural biomes, a service very 
valuable, but never given due attention. It is notable that birds 
alone disperse as many as 80,000 species of angiosperms, of 
which about 25,000 are trees, woody shrubs, lianas, vines, and 
herbaceous plants [35,36]. Furthermore, birds contribute in 
reforestation by germinating the dispersed seeds, reducing 
the costs of restoring the deforested areas [37]. In oak forests 
in Sweden, the cost of replacing the seed dispersal services of 
Eurasian jays in oak regeneration is estimated to be $9,400 
per hectare [38]. Birds provide an important service in 
promoting forests’ growth, which sequester carbon there by 
aiding climate change mitigation and perform a number of 
other services that stand to benefit humans. 


Birds as Pollinators 


Bird-plant interaction of pollination and seed dispersal 
has large impacts on ecosystems [39]. The role of wild birds’ 
pollinators in food production is reported by many literatures 
to be very crucial for food production [40,41]. Pollination 
process of some trees species is assisted by birds mainly 
nectivorous (family: Nectariniidae) which only consume 
nectar. It has been found that preclusion of pollinators such 
as bees, birds and bats have differential role in fruit setting 
in several plants, both domesticated and wild [42]. Among 
birds, over 920 species are known to involve in pollination: 
E.g. hummingbirds (Americas), sunbirds (Africa and Asia), 
false-sunbirds (Madagascar), flower peckers and white-eyes 
(Southern Asia), honeyeaters and Lories (Australasia), and 
Hawaiian honeycreepers (Hawaii) [7]. 


Although studies on bird-pollination are relatively 
uncommon, in India studies show that birds such as Black 
Drongo, mynas, crows, babblers, Rose ringed Parakeet, 
Golden backed Woodpecker, bulbuls, flower peckKers, tits and 
lorikeets visiting the flowers, most of which carrying out 
pollination [43,44]. More than 290 bird species are said to be 
serving in pollination and seed dispersals, of which sunbirds, 
mynas, starlings, and Oriental White-eye are the frequent 
flower visitors and probably the prime avian pollinators 
[36,45,46]. Although there were a few attempts to value 
the service in economic terms, especially focusing crops 
and insect pollinators, not much attempt is known to have 
made focusing on birds [47]. The role of birds as pollinators 
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positively impact ecosystem by sustaining plants species 
with direct or indirect benefits to human and maintain floral 
diversity. 


Birds as Scavengers and Sanitary Agents 


Birds are believed to be essential scavengers in many 
ecosystems, removing the carcasses of dead animals. Many 
birds’ species opportunistically depend on animal carcasses 
when it is available, whereas vultures are doubtlessly 
well known and obligate feeder of this food type. Vultures 
provide one of the most important, yet underappreciated 
and less studied ecosystem services of any avian group. 
These scavengers are particularly important in developing 
countries where sanitary waste programs may be limited or 
nonexistent. By scavenging, vultures and other carnivorous 
vertebrates contribute to waste removal, disease regulation, 
and nutrient cycling [48]. In removing carcasses rapidly 
and efficiently, vultures cleanse the environment and 
protect humans, livestock and wildlife from infections and 
other disease. Vultures possess the ability to resist and 
possibly detoxify bacterial toxins in rotting flesh. Extremely 
acidic secretions of the vulture stomach kill all but the 
most resistant spores, reducing the pathogenic bacteria 
by consuming carcasses and thereby reducing disease. 
In Serengeti, vultures have an outstanding capability of 
consuming hundreds of pounds of carrion per kilometer 
annually and in Yemen, vultures can remove up to 25% of the 
organic waste produced in towns by humans [49,50]. 


Scavenging ability of birds isanimportant means of waste 
removal in many places helping in preventing the diseases 
outbreak than can occur when these animal carcasses had 
accumulated. In India, the declines in vultures as a result 
of poisoned carcasses led to an increase in number of feral 
dogs and rats as there was less competition for carrions as a 
food sources. The increase in these potential disease vectors 
(the feral dogs) led to an increase in rabies outbreak and 
human injuries from dog attacks, and possibly caused the 
1994 bubonic plague outbreak in western India that killed 
54 people and health cost of over $2 billion [51]. This vulture 
declines led to approximately 48,000 additional human 
rabies deaths with the total health cost of $34 billion [51]. 
It is obvious in this case that the value of birds to humans 
is significantly high and highlights the direct importance of 
healthy birds’ populations to humans. 


Birds in Ecotourism and Sacrament 
Birds in Ecotourism 


Recreational value is an important service provided by 
birds and itis documented in many scientific literatures. Well- 
known and mostly practiced among them is bird-watching 
or birding. Bird watching is an activity enjoyed by most 
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people as source of refreshment after a long strenuous work 
hours. It can also be used to advance ecotourism as a means 
of making money. Many conservation agencies and other 
similar organizations generate income by taking tourists on 
bird watching expeditions. In 2008, 81 million people in the 
United States enjoy bird watching, and it is estimated to rise 
to 108 million people by 2030 [52]. While engaging in birding 
activities, bird-watchers spend a lot of money in order to use 
this precious service. In 2001, the US bird-watchers spent 
$32 million for refreshment on bird watching, indirectly 
boosting the economy by $85 million and creating nearly 
one million job opportunities [53]. Therefore, the demand 
for bird-watching trips for recreations and bird hunting 
contributes to the current boom in ecotourism industry as 
well as economy in general. 


Sacred Value of Birds 


Birds often represent symbolic values and significant 
roles in tradition and religion in many cultures across the 
globe, from ancient times to today [54]. Particular bird 
species, due to their magnificent appearance, power of flight 
or absolute beauty pertaining to both visual and vocal, were 
considered symbols of deities. For example, in many Native 
American religions, eagles are considered sacred messengers 
that carry prayers to the spiritual world. Eagle feathers are 
believed to have holy powers and capturing eagles to remove 
the feathers is part of a sacred ritual [55]. In many religions, 
vultures are considered deities that play a large part in their 
mythology and traditions [56]. The spiritual enrichment and 
appreciation of nature that birds provide is an essential part 
of the human experience. 


Conclusions 


Birds provide a numerous key roles in the ecological 
balance of resources in each habitat in the biosphere. 
Birds’ seed dispersal mechanism help to facilitates wider 
distribution of numerous plants species to remote parts of 
the earth building up the biodiversity and richness of the 
receiving ecosystems, movement of the offspring away from 
the parent, thus helping to reduce competition. In addition, 
their scavenging nature prevents various infectious diseases 
by cleaning local habitat’s carcass which may harbor 
pathogenic microorganisms. Moreover, their role in nutrient 
cycling promotes growth of primary producers which in turn 
attract top predators exerting bottom-up effect on food web. 
Other services like recreational, pest control, pollination and 
sacrament also have significant importance in sustaining 
ecosystem and human welfare. 


Most of the services provided by birds are in one way or 
other have economic and ecological value but few of them 
are not classified. Acknowledging these important ecosystem 
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services birds offer still uneasy and unaccredited because of 
insufficient information. Moreover, these services remain out 
of the market, perhaps, because they are generally obscure 
and hard to evaluate. Research driven policies fostering 
lasting conservation of avifauna; conservation, restoration 
and management of their habitats and control of illegal 
birds’ trade are highly needed. The attempts of conserving 
and maintaining healthy birds population and their habitats 
would preserve diverse ecosystem services by benefiting 
many different living species and finally human well-being. 


Conflict of Interest 


The authors declare that there is no conflict of interest 
regarding the publication of this paper. 


Funding Statement 


The authors did not receive specific funding. 


References 


1. Sekercioglu CH (2010) Ecosystem functions and services. 
In: Conservation Biology for All. In: Sodhi NS, Ehrlich PD, 
et al. (Eds.), Oxford University Press, Oxford, UK, pp: 45- 
72. 


2. Ehrlich PR, Mooney HA (1983) Extinction, substitution, 
and ecosystem services. Bioscience 33: 248-254. 


3. Daily GC (1997) Nature’s Services: Societal Dependence 
on Natural Ecosystems. Island Press, Washington DC. 


4. Gomez Baggethun E (2010) To Ecologize economics 
or to economize ecology theoretical controversies and 
operational challenges in ecosystem services valuation, 
PhD Thesis, the Autonomous University of Madrid. 


5. Alcamo J, Bennett EM (2003) Ecosystems and Human 
well-being: A Framework for Assessment, Island Press 
pp: 1-266. 


6. Millennium Ecosystem Assessment (MEA) (2005) 
Ecosystems and Human Well- Being: Synthesis, Island 
Press, Washington pp: 155. 


7. Mahendiran M, Azeez PA (2018) Ecosystem Services 
of Birds: A Review of Market and Non-market Values, 
Entomol Ornithol Herpetol 7: 209-213. 


8. Anderson WB, Polis GA (1999) Nutrient fluxes from 
water to land: seabirds affect plant nutrient status on 
Gulf of California islands, Oecologia 118: 324-332. 


9. Ellis JC (2005) Marine birds on land: A review of plant 
biomass, species richness, and community composition 
in seabird colonies, Plant Ecol 181: 227-241. 


Copyright© Deng GT and Yimam IA. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Deng GT and Yimam IA. Ecosystem Roles of Birds: A Review on Birds’ Conservation Insight. 


International Journal of Zoology and Animal Biology 


Croll DA, Maron JL, Estes JA, Danner EM, Byrd GV (2005) 
Introduced predators transform subarctic islands from 
grassland to tundra, Science 307: 1959-1961. 


Bellingham PJ, Towns DR, Cameron EK, Davis JJ, Wardle 
DA, et al. (2010) New Zealand island restoration: 
Seabirds, predators, and the importance of history. New 
Zealand Journal of Ecology 34(1): 115-136. 


Commoner B (1971) The Closing Circle: Knopf Press, 
New York. 


Zacheis A, Ruess RW, Hupp JW (2002) Nitrogen dynamics 
in an Alaskan salt marsh following spring use by geese. 
Oecologia 130: 600-608. 


Chaplin Kramer RO, Rourke ME, Blitzer EJ, Kremen C 
(2011) A meta-analysis of crop pest and natural enemy 
response to landscape complexity. Ecology Lett 14: 922- 
932. 


Martin EA, Reineking B, Seo B, Steffan Dewenter I (2013) 
Natural enemy interactions constrain pest control in 
complex agricultural landscapes. Proceedings of the 
National Academy of Sciences of the United States of 
America 110: 5534-5539. 


Rusch A, Chaplin Kramer R, Gardiner MM, Hawro V, 
Holland J, (2016) Agricultural landscape simplification 
reduces natural pest control: a quantitative synthesis. 
Agri Ecosys Env 221: 198-204. 


Sekercioglu CH (2006) Increasing awareness of avian 
ecological function, Trends Ecol Evol 21(8): 464-471. 


Wenny DG, DeVault TL, Johnson MD, Cagan DK, 
Sekercioglu CH, et al. (2011) On the need to quantify 
ecosystem services provided by birds. Auk 128: 1-14. 


Maas B, Tscharntke T, Saleh S, Dwi Putra D, Clough Y 
(2015) Avian species identity drives predation success 
in tropical cacao agroforestry. J Appl Ecol 52(3): 735- 
743. 


Mols CMM, Visser ME (2007) Great Tits (Parus major) 
Reduce Caterpillar Damage in Commercial Apple 
Orchards. PLoS ONE 2(2): 2007. 


Koh LP (2008) Birds defend oil palms from herbivorous 
insects. Ecol App] 18: 821-825. 


Whelan CJ, Sekercioglu CH, Wenny DG (2015) Why 
birds matter: from economic ornithology to ecosystem 
services. J Ornith 156: 227-238. 


Barbaro L, Battisti A (2011) Birds as predators of the 
pine processionary moth (Lepidoptera: Notodontidae). 


Int J Zoo Animal Biol 2020, 3(4): 000236. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


Biological Control 56: 107-114. 


Jedlicka JA, Letourneau DK, Cornelisse TM (2014) 
Establishing songbird nest boxes increased avian 
insectivores and reduced herbivorous arthropods in a 
Californian vineyard. USA, Conser Eviden 11: 34-38. 


Mols CMM, Visser ME (2002) Great tits can reduce 
caterpillar damage in apple orchards. J Appl Ecol 39: 
888-899. 


Greenberg R, Bichier P, Angon AC, Macvean C, Perez R, et 
al. (2000) The impact of avian insectivory on arthropods 
and leaf damage in some Guatemalan coffee plantations, 
Ecology 81: 1750-1755. 


Johnson M, Kellermann J, Stercho A (2010) Pest 
reduction services by birds in shade and sun coffee in 
Jamaica, Animal Conservation 13: 140-147. 


Ori P, Sigalit N, Koby M, Shauli A, Alexandre R, et al. (2018) 
Three Decades of Satisfied Israeli Farmers: Barn Owls 
(Tyto alba) as Biological Pest Control of Rodents: Proc. 
28" Vertebr. Pest Conf. (D. M. Woods, Ed.), Published at 
Univ. of Calif, Davis pp: 94-203. 


Duckett JE (1991) Management of the barn owl (Tyto 
alba javanica) as a predator of rats in oil palm (Elaeis 
quineensis) plantations in Malaysia. Birds of Prey Bulletin 
4: 1991. 


Burnie D (2007) Bird: The Definitive Visual Guide, 
Doring Kindersley Limited, Great Britain, London. 


Perveen F, Naqvi SNH, Yasmin N (2010) Ixodid ticks 
infestation in livestock and their traditional control in 
N-WFP, Pakistan, Pakistan J Zool 42: 43-54. 


Asep A, Hesti L (2011) Ecosystem services provided by 
birds in different habitats: In international conference of 
Indonesian forestry researchers (INAFOR 11P-002). 


Clark CJ, Poulsen JR, Bolker BM, Connor EF, Parker VT 
(2005) Comparative seed shadows of bird, monkey and 
wind-dispersed trees, Ecology 86: 2684-2694. 


Charalambidou J, Santamaria L (2005) Field evidence 
for the potential of water birds as dispersers of aquatic 
organisms, Wetlands 25: 252-258. 


Green AJ, FiguerolaJ (2005) Recent advances in the study 
of long-distance dispersal of aquatic invertebratesvia 
birds, Diversity and Distributions 11: 149-156. 


Mahendiran M, Azeez PA (2015) Birds, habitat 
services, unsung functional values National symposium 
on “Dryland Birds: Strategy for Conservation and 


Copyright© Deng GT and Yimam IA. 


oS 1h 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


International Journal of Zoology and Animal Biology 


Management’ GUIDE, Bhuj, India, pp: 123-127. 


Wunderle JM (1997) The role of animal seed dispersal 
in accelerating native forest regeneration on degraded 
tropical lands. Forest Ecology and Management 99: 223- 
235. 


Hougner C, Colding J, Soderqvist T (2006) Economic 
valuation of a seed dispersal service in the Stockholm 
National Urban Park, Sweden, Ecological Economics 59: 
364-374. 


Lunberg J, Moberg F (2003) Mobile link organisms 
and ecosystem functioning: Implications for ecosytem 
resilience and management, Ecosystems 6: 87-98. 


Mrill I, Nabhan GB, Buchmann S (1996) Impending 
pollination crisis threatens biodiversity and agriculture, 
The Forgotten Pollinators Campaign, Arizona-Sonora 
Desert Museum. 


Borges RM (2003) Conservation of pollinator services in 
rain forests. In: Conservation of Rainforests in India. In: 
Gupta AK, Kumar A, Ramakantha V, et al. (Eeds.), ENVIS 
Publication, Wildlife Institute of India 16: 229-242. 


Klein AM, Vaissiere BE, Cane JH, Steffan Dewenter I, 
Cunningham SA (2007) Importance of pollinators in 
changing landscapes for world crops. Proceedings of the 
Royal Society B, Biological Sciences 274: 303-313. 


Rangaiah K, Raju AS, Rao SP (2004) Passerine bird- 
pollination in the Indian coral tree, Erythrinavariegata 
var. orientalis (Fabaceae). Current Science 87: 736-739. 


Solomon RAJ, Rao SP (2006) Pollination by bees and 
passerine birds and seed dispersal by monkeys in the 
white teak (Gmelina arborea) Roxb, a commercially 
important timber tree species in the Eastern Ghats, 
Current Science 90: 232- 236. 


Subramanya S, Radhamani TR (1993) Pollination by 
birds and bats. Current Science 65(3): 201-209. 


Balasubramanian P (2012) Ecosystem services: do we 
need birds?. BOU Proceedings. 


Deng GT and Yimam IA. Ecosystem Roles of Birds: A Review on Birds’ Conservation Insight. 


Int J Zoo Animal Biol 2020, 3(4): 000236. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


Kellermann JL (2008) Ecological and economic services 
provided by birds on Jamaican Blue Mountain Coffee 
Farms. Master of Science In Natural Resources thesis, 
The Faculty of Humboldt State University. 22(5):1177- 
1185. 


DeVault TL, Rhodes OE, Shivik JA (2003) Scavenging 
by vertebrates: behavioral, ecological and evolutionary 
perspectives on an important energy transfer pathway 
in terrestrial ecosystems. Oikos 102(2): 225-234. 


Prakash V, Pain DJ, Cunningham AA, Donald PF, Prakash 
N, et al. (2003) Catastrophic collapse of Indian white- 
backed Gyps bengalensis and long-billed Gyps indicus 
vulture populations. Biological Conservation 109: 381- 
390. 


Gangoso L, Agudo R, Anadon JD, De la Riva M, Suleyman 
AS, etal. (2013) Reinventing mutualism between humans 
and wild fauna: Insights from vultures as ecosystem 
services providers. Conservation 6(3): 172-179. 


Markandya A, Taylor T, Longo A, Murty M, Murty S, et al. 
(2008) Counting the cost of vulture decline-an appraisal 
of the human health and other benefits of vultures in 
India. Ecological economics 67(2): 194-204. 


White EM, Bowker JM, Askew AE, Langner LL, Arnold JR, 
et al. (2014) Federal outdoor recreation trends: Effects 
on Economic Opportunities. National Center for Natural 
Resources Economic Research (NCNRER). 


LaRouche GP (2001) Birding in the United States: A 
demographic and economic analysis. Report 2001-1, US 
Fish and Wildlife Service, Washington. 


Groark KP (2010) The angel in the gourd: Ritual, 
therapeutic, and protective uses of tobacco (Nicotiana 
tabacum) among the Tzeltal and Tzotzil Maya of Chiapas, 
Mexico. Journal of Ethnobiology 30: 5-30. 


De Meo AM (1994) Access to eagles and eagle parts: 
Environmental protection Native American free exercise 
of religion, Hastings Const LQ 22: 771. 


Benson EP (1996) The Vulture: The Sky and the 
Earth, Palenque Round Tables 10: 309-319. 


Copyright© Deng GT and Yimam IA. 


